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Abstract ' -

A computer program for the sizing of su son1c and superson1c,f19hters
has been adapted for use in an aerospace enginéexring design course. Following
descr1pt1on of the program, an evaluation of lits use in the university'is
presented. It is concluded that computer programs for the conceptual design
of aerospace vehicles can play a Very amportant part in des1gn education.

First, they give students an overview of the conceptual deswgn process, and~
The latter is

becoming more 1mportant as t1me goes on because 1ndustry is moving in fhlS'

direction. - . : . .
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<t Introduction ' . .- ,' i - '
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The aerospace eng1neer1ng des1gn course at The UnlversTty of Texas at St
Austln consists of two hours of 1ecture and two hours of lab. In thd past, .
_ the lab per1od has'been used to carry out the conchtual de51gn pﬁ%se of one

or more aircraft using the pr1nc1p1es discussed 1n\the lectures. Also, the

[}

) ‘leach group design an aircraft of their choice. Each member of the‘group was

general procedure was to divide’ the students into five-man groups, and let = }f
1

4made responsible for the computations associated with a particular discipldne -
aerodynamics, propulsion,_perfonnance, etc. Almost all computations were ?
done by hand with the slide rule. '

~ — While th1s is an acceptable format in lndustry, it presents some prob-

lem in a n1vers1ty environment. It is difficult to force all1 students to
work at thj&ame pace, and in a team effort, the work of one depends of the

results of another. Each student learns a considerable amount about his ~

assigned discipline but\very little about the others. The hand computa’tions ' i .

<

were .involved and time:consuming.‘ Often errors go undiscovered until it
is too'late in the gession to go back and correct them. ~Aiso,'the time
‘requ1red to carry out one design iteration is normally so great.that it is
not poss1b1e to con51der any parametric or trade\\tudles. More often “than
not,\jt is d1ff1cu}t to get current des1gn 1nfonnat1on such as data, pro-

cedures, etc. For example, engine data is usually requestcd from the manu-

-~

facturer and does not always'arriVe‘when neededs Finaily, as far as this

v
P

']ist:TS'concerned, it - difficult to evaluate the efforts of “ifdividual

students dnd not always fa1r to g1ve a11 members of a,group the same grade.

Vd

About three years ago the authors °got the "br1111ant" 1dea that a " ..
\\ -

-
/ -
! - -
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2. General Description of FIGHTER e < ' SN

L K2
¢an be wrltten for-sizing subsonic and superson1c f1ghters( The program N

"or1glnated at Grumman (Ref. 1), but a modified vers1on was obtalned frem the

i

3
4
L]

&
R
w .
\\,‘-'

C.

computerized conceptual design system could solve all of tﬁe problems.™ Each
student could:work at his own pace and be fairly graded; each student would
learn something eboutéaesign in all disciplines; hand compu;ations would be .

. a .
kept to a minimum so that errors would be elimipated and tﬁédes could be

/ S
analyzed; and current des1gn 1nformat1on would be conta1ned in the system.
Also contained in the "brilliant" idea was that the system would be able to
design all types of airplanes in all speed r;egmes° While the theory was v

sound, the time, effort and money required to create such a system was pro-
' ]

hibitive. - . __
As work began.on the s&stem ane.as the magnitéde of &he project rapidly
became apparent, the existence of a number ofysmalt airplanefsizing programs
became tnown. The burpqse of t@is paper is to discuss one ef these progréms,
FIGHTER, ard to present an evaluation of its use in the university. 'The work
on program'FIGHTER and its evaluation have been supported by Projact C-BE,
whose 1n1t1als stand for Computer-Based Science and Engineering Education:

Thls project has been sponsored by a National Sc1ence Foundat1on grant to the

Un1vers1ty of Texas at Austin.

The computer progrwn FIGHTER is essent1a11y the slmpTest\program which

Alr Force Flight Dynamics Lab. Since then, the progrqm has been rewr1tten

'us1ng a standard classroom notation and making each disc1p]1ne a separate

subroutlne. The sequence of computations in FIGHTER as it now tands is shown

in Figure 1. . . : : . .

f;.a
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The input to FIGHTER consists of a set of de51gn variables and a set of

-

mission variables. The deSign variables include the ultiméte load factor, the ]
maximum equivalent airspeed, the max1mum Mach number, stone ueight/)engine type,
various fixed weights, the wing loading, the thrust-to-weight ratio, and initial
estimates\for the take-off gross weight and the max1mum sea leyel static thrust.
In order to carry out'sensitivity studies, prOViSions have been<made to pre-
scribe any or all of the parameters defining the Wing The nﬁ551on variables
include the sequencé of mission.segments, and the altitude, Mach number, and
load factor of each. Possible mission segments includé take-off, climb, cruise,
combat (turns, acceleration, and spec1fic excess power), and Tanding.

FIGHTER begins by computing the geometry of the aircraft u51ng statisti-
cal correlations for the .independent geometric parameters and definitions for

the remaining variables. Examples of the former are shown in Eigures 2 and 3.

Next, the aircraft is Flown through the prescribed mission to éomp e The

_ amount of fuel required. Climb, cruise and turns are assumed to be quasi-

%teady so that point perfOrmance lS valid. On the other hand,,take:off,
aZéeleraticn .and landing are nonsteady. . To compute nonsteady?performance and
overall performance (i.e., time-to-climb), average quantitites are employed.
In almost every mission segment, there is an inequality constraint which mus t

be satisfied. For example, in a turn, the maximum thrust must‘bergreater

. than or equal to the drag. If an inequality constraint is not satisfied, the

maximum sea level static thrust is 1ncreased by 2%, and the perﬁormance cal-

culations are restarted In each segment, the aerodynamic and ETOpu]SlVe f

tharacteristics of the aircraft are obtained from the respectiveﬂsubroutines
With regard to aerodynamic characterqstics, the drag polar lS assumed to

be parabolic. The zero-1ift drag is composed of skin-friction drag and wave

5
- . )

T -
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drag. The former'is‘compute& by the equivalent parasite areé“method with |
approphiate intecferenee and compressibility ;acters, and the latter is.obtained
from a statistica]'eorre%ation. The induced drag is computed in the standare
way with a statistica] formula foh OswaIE}s efficiency tactor. Typieaﬁ Mach{
number distributions for these quantities ere shiown jp,Figures 4Xand 5.1 j

The propulsion cheracteristics are obtained by assuming a t&pica] enginef
whose maximum sea level stdttc thrust can be vahied. Examples oﬂ thrust eld
specific fuel tpnsumption are shown in Figares 6 and 7. r

After the aircraft has been flown through the entire mission, the desjygn

variables, the geometry, and the fuel t are used to tompute a, new take-off

I

gross weight from a set of .statisticdl. we1gh

formulas. Then with the naw
gross weight and maximum.sea level thrust, the whole process is repeated This

'procedure is continued until the assumed gross weight and the computed grosp

}eight differ by a small amount. The resulting aircraft is then considered|to

be sized for the mission. .

3. Example Problem. .

The statistical formu]as in FIGHTER are based on ex1st1ng a1rcraft through
1969. Hence a good test of FIGHTER wou]d be to app]y it to the sizing of aﬁ

aircraft wh1ch_d1d not exiSt at that time. The sizing of an aircraft for the’

o)

air-superiority m{ssion of the F-16 provides such an example. The design

3

specifications and the mission specifications are shown in Figures 7 and 8.

~A compar1son of the resu]ts from FIGHTER ‘and the published results for the

F-16 are shown in F1gure 9 .The fact that FIGHTER has done such a good Job is

most Tikely due to the va]ues chosen for the wing Toading (75 1b/ft ) and the
.thnust-to-wetght,}etio (1.2), which e%e actual values for the F-16. The

. B L
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--to -carny out the sizing of an aircraft (about 20 1terationsé f

. . . ‘ / o s

. R / .
discrepancy in fuel t is quite large and neeﬁis sOme 1nvestigation -
Inc1denta}]y, FIGHTER uses approximateiy 10 sec of cDC 6600 computer time

4. Intended Use of FIGHTER
Regard]ess of, the goals estabiished for FIGHTER in the Introduction, it

is dssential that students using the program become as fami]iar with the program

t

" as if. they had written it themselves. Hencg, as the instructor lectures on the

A,
prediction methods used in FIGHTER, students are.expected to carry out one
- - s

iteration by hand. Through proper selection of the take-off gross weight and
the maximum sea level .static thrust, an iteration can be set up_in/which the

gpgine size is.not increased during any mission segment, thereby/minimizing
; > @

a\

-the hand computations. Upon completion of the hand éomphtationﬂ/the student is

alloved to complete the iteration process vith FIGHTER or to carry out the

sizing of an aircraft to his own spec1fications At this p7 nt, parameter
« [

"studies are cconducted with the goal, of minimizing the takesof f gross weight

}
which is equivalent to minimizing the airframe cost. Fina 1y, the student is

required to prepare a report tontaining the hand conputati?ns, the finai itera-
tions, the parameter stndies, a discussion of the design and performance of the"
final configuration; and a three-view drawing of the airplane. A1l of this can
be accomplished in.approximgtely three weeks of class timeTp]us approxirately_
three_more weeks for the student to complete his work. The\remaining course
time could be devoted to the conceptual dé%?én of a timely eircraft or to a
more detailed design study of the aircraft just sized.

-

5. Eva]uation of FIGHTER . 3

An attempt has been made to eva]uate the use\gf\program FIGHTER in an

o .

7 o ;
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, aerospace engineering de51gn c]ass, both at UT Austin and at other univer51ties
Local evaiuation has been the ea51est .to perform and is discussed first.
Program FIGHTER has been used at UT Austin the past- three semesters

) Since neither of the authors is, the 1nstructor .of the deSign course, the

e et

eva]uation shou]d not be biased . The. course is composed of two one hour .

-~

1ectures per week and one two houp/Tab Lecture time is spent discu551ng

-

general aspects of des1gn while the lab is based on two computer programs, Eas
one of which ig FIGHTER. The instructor, Dr westkaemper, is satisfied with  * X
the results achieved using FIGHTER for several reasons. Prior to the use . .
of EIGHTER, "the course was conducted/in a team fashion, and each student
"1earned in-depth abod% his particular discipline Hith FIGHTER, each student
Tearns something about each disc1p]ine which is better from an educationai o
~p01nt of view Since(the students do not know where they will be working or

in which discipline. Second, it introduces the students to a coi]ection of "7 "
empirical and/or statistica] relations which had not been used prev1ous]y and ‘
which had not been discussed in other courses. Finaily, it shows how a

! X e . . .
collection of some really crude formulas can be put together to obtain a ‘

reasonabiy accurate sizing of an aircraft.
The outside evaluation of FIGHTER, has been difficult to achieve
Invitations to partic1pate in the evaluation were sent to the fifty- three

universities whose chairmen belong to the Aerospace Department Chairman s

Association. These instructors were asked to return the form even if their
. response was negative since this would give us on-idea about what was

happening in aerospace design around the country Of the twentyafour'replies,

fourteen agréed to use the materia]s and help us carry out the eva]uation Six

f

of the‘ten 'who said they could not help were already committed to specifig_

projects such as the Bendix designlcompetition, another aircraft, or another

— . R » - . 7 . R
1
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computer -program.’ In'particular, Professor Corning (Universityypf Maryland) =
Y, .

/
1s writing a syneth1s program along the Tines of his tex; on subsonlc and

supersonic airplane design. Also, Professor St111weTl (Un1ver51ty o%,l]llnq1s)
\h

is cbmm1tted to the support of the aerospace eng1neer1ng part of PLATO wh1ch; ,%h& ;
¢ "t’H

is a large scale, computer -bdsed educat1on system and whlch conta1ns 2 part . v

on a1rp1ane d8519n .The remaining four responses were negat1ve because two . -

.

of the schools did not have@an.aerospace vehicle design course, because the’
instructor did not want to constrain his class to a f1ghte> desfﬁn and because f’

:the instructor a]ready used this format, but the students wrbte their own

-~

programs a ©

Th1s br1ngs us to the fourteen 1nstructors who agreed to ba]p evaluate

M .
FIGHTER. They wer2 sent a copy,of the computer program in card form perm1ss1on

to duplicate the documentatlon on FIGHTER for the1r students, and ‘an evaluqt1on
form whieh was to be returned on” the complet1on of the evaluatlon =~ supposedly
by the end of the Spring session. By the time this paper was wr1tten,i{our

instructors had not yet responded. Two responded that they had.been'unable to © -
\

use the program in class because of participation in the Bendix design
compet1t1on and because mod1f1cat1on of ‘the program -had ' not been completed ﬁn ’

time’ for the course. The rema1n1ng eight eva]uators got the program worklng

T

on their-gomputers;.three of them used it for individual student projects;

“and‘five used it as part of tbefr design classes. Following some’general

4

evaluation comments, more will<be said ‘about the individual efforts. =

¥

. In spite of the serious attempt made to create an easi]yﬁtransferable;f

v

product, a few problems did ogcur. " The problems centereq on hardware‘ e

w
differences and included different output character1s1tcs, dnfferent a]pha-
numeric f1e]d ]engths and different keypunch formats, No one, however, .

experienced d1ff1cuTty gett1ng FIGHTER to* run on the1r computers. ~ In a]],

e
. [
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CDC, IBM and UNIVAC computers were involved. Fina11y3 it should be mentioned

W/
that all nine of the 1nstructors who workéd with FIGHTER have prev1ously

used computers for one/peason or another.' i ’ py

L4

In the formal evaluation of FIGHTEP; the téchni¢al content, the clarity,
. \and'the effectiveness of the materials werefrated‘exce11ent. Nearly all of
the instructors who used the program said that they\will use it again, main]y’”
as a graded homework assignment: Criticisms of the materjal,were that'fhe
definitions'of the input data were not completely clear and that flow charts
of each part of the program vere 1ack1ng K o _ ‘.://////
~- In an attempt to give cred1t to those. who worked w1th FIGHTER, a summary
. of the indjvidual efforts 1f presented here Professors Arthur Bruce
(Lou1snana Tech), Esam Nassar (IIT), and R1cardo Zapata (Un1vers1ty of V1rg1n1a)
used the FPGHTER for 1nd1~1tua] student proJects. Professor Bruce has also
*ndlcated/that he will mod1fy and/or create d1sc1p11ne subroutines to convert
FIGHTER to a llght alrcraft synthes1s program. Professors Geonge Bennett
(Miss1ss1pp1 State) and Jut1an Doughty (Un1vers1ty of Alabama) used the program

as homework assignments. Professor Barnes McCormick (Penn State) had one-third

[N

of his destgn class convert FIGHTER to a program for the synthesis of a far-

Jet commuter transport. ) : .

"n::\ Professors P. A, Lord (Northiop Inst1tute) and Donald Ritchie: (Embry-

. Ridd]e) used Fighter>as originally intended to come up with a "ball-park"
a1rcraft wh1ch\ls/then used as a basis for pre11m1nary de51gn considerations.
. In this connect1on, Professor Lord-used the "ball-park" a1rp]ane to conduct
- a CCV des1;n project. Professor R1tch1e has had the program rewrlttonJ17

BASIt so?that it can be used on their HP 2000 mini- computer from term1nals

1n the airplape des1gn lab. Furthermore, to aid the student during 1nput, r~




.
s T ( 10

e

e - ‘A : ~
the program has been written 1n a conversat1ona] “mode.

., % - Finally, MaJ " Thomas P1lsch (A1r Force Academy) pursued the use of

" TFIGHTER 1n a more conventlona] manner, that is, design around a g1ven englne

The engine was“based on advanced techno]ogy and was obtained from an engine . -

synthes1s program. In his eva1uat1on he sent a\copy of the RFP and englne
)data used at the Academy The data conta1ned in the ﬁFP has he1ped us c]ar1gy

some of the 1nput data such as av1onpe§ and m15ce1]aneous armament welghts
. . N
\ . v . . s : ‘ . o _
6.} Conclusions . - . ' , ‘ o '
v LY ‘ ’ ’
\

>As a result of theﬂlnternal and exteYna] eva]uat1on, it is felt that

t

' FIGHTER serves a Gsefu] purpose in an aeroSpace eng1neer1ng design coDrse

- iy

In effect FIGHTEE brjngs the conceptual .design process as performed in

1ndustry to the university and a]]ows the students to- -get an overvxew of the

conceptua1 des1gn process in a way cons1stent with the direction 1n wh1ch '

~ N -

industry is moving - toward computer1zed design. -
It is not necessary to devote the entire course to .computerized design,

nor is it necessary-to use FIGHTER as it-stands. A conceptua] design /
/ . v .
system such as FIGHTER can be understood in a few weeks, and the rest of the

session can be devoted to pre]1m1nary des1ng considerations of the aircraft

ki

sized by the system. Also, once the structure of one program such as
FIGHTER has been understood,°1t is fairly easy because of.its modular con-

struction, to convert the program to other types of aircraft.

A
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,Maxxmum Mach number' 2 0

Weapons: Two.AIM-9 Sideéwinder air-to-air m15511es
One 20 mm cannon and 500 rounds of ammun1txon

.(

Engine:’ Tprbofan with afterburner _
Engine thrustrto-we1ght ratio: 8.0 -

Limit load factor: 9 g's

Structure; Convent10na1 constructlon (no comp051tes)
// Maximum equivalent a1rspeed:‘ 730 kts

/

Take-oﬁ? wing Toad1ng 75 lb/ft
Take-#ff thrust-to -we1ght ratio: 1.2

“ -

Fig. § Design Specifications

Warm-up and take-off: Sea level
Climb: Military power, M = 0'9

Cruise: .Combat radius 250 nm, M = 0.9
36,000 ft outbound, 44 000 ft inbound

0.9, 30,000 ft, 6.5 g's
2, 30,000 ft, 6.5 g's
t

Combat: Four 360° turns:
1.
0.9 oT"6 30000f

M
;f Three 360° turns:.- M
“Acceleration: "M

Loiter: .20 min. at sea level
Landing: Sea level

"Fuel reserves: . 5%

#  Fig. 9 Mission Spétif1c5t1ons
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Parameter- FIGHTER. . F-16 '
Body length T a3t . 47 ft
“Wing thickness ratio .05 ' .04
Wing planforn area 280 ft° 280 ft2
Wing sweep 44 deg 40 deg .
Wing aspect ratio e é.SJ - 3.0. )
Wing span 31 £t 30 ft
Take-off gross weight 20,900 "Tb 121,000 b
Fuel weight ‘ 4,700 1b" .. 6,700 b, .
. « /
%
. ‘ | . . ‘ ) P
‘ Fig. 10. Comparison of -Results: ”
€ " # )
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